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The literature concerning urethane is voluminous. Ref-
erences to the use of the drug date back to 1886, and work 
tas increased at an exponential rate to the present time. 
1 thyl urethane is a relatively unfamiliar drug outside the 
Experimental laboratory. Its mode of action is not known 
End most of the reports~on urethane are descriptions of its 
E ffeyt on biological systems. Although several investigator~ 
lave concentrated their efforts toward a single aspect of 
~he biological effects of urethane, most workers have carrie< 
put independent experiments, either in attempts to determine 
I ~he mode of action of urethane, or routinely using urethane 
~ laboratory experiments and noting its effects. Thus, the 
beports on urethane cover diverse subjects. This paper is 
~n attempt to report all the significant work done with 
~rethane, and primarily, to classify all independent reporzs 
Under six topics which pertain to the most significant 
worK that has been carried out. 
iv. 
'I 
I 
Introduction 
Urethane, or ethyl carbaw~te, is the name given to the 
e':t,hyl ester of carbamic acid. Its structural formula is: 
/NHz . o-c 
'-O·C2 Hs 
I~ is closely related chemically to urea and to carbromal and 
consists of colorless crystals which are very soluble in 
w~ter and in alcohol. 
The hypnotic action of urethane in man is weak and in-
c~nstant. 
11 I 
The effect on animals has been described as 11rigid 
a ~d potent", 
a~esthetic. 
I 
consequently ~t is used mainly as a laboratory 
Urethane is oxidized in the body to carbon dioxid 
a1d urea, and is rapidly excreted. Although it is at present 
s~ldom used on humans, the standard adult hypnotic dose is 
l 
2 ~to 4 grams per individual. Urethane has advantages over 
'I • 
o 'her hypnotlcs as a laboratory anesthetic, since the blood 
I 
p:J:!essure is not much affeGted, physiological reflexes remain 
ac'tive, and regular respiration is maintained. 
Several urethane derivatives are used as hypnotics, such 
af aponal and hedonal. The latter is obtained by substitut-
irg the radical methyl propyl carbinol for the ethyl group of 
u:r ethane. Th1-1s the chemical formula for hedonal is: 
NH2 · co~o ·CH( CH 3 ) CH2 CH2CH3 
Hedonal is more toxic and a greater depressant than urethane, 
ar:d its use is not extensive. 
Andrews(l886) administered urethane to himself and to 
IL 
l. 
.e 
!I 
If 
r'ental patients, using 30 to 60 grains dissolved in water. 
~~pe effects were induction of sleep, slowing of the pulse, 
I 
afd decrease in rate of respiration, occurring within one 
t\ ur after administration. No side effects were experienced. 
c: ethane was administered to several pa_t,ient:s for sleepless-
n~ss due to insomnia, general paresis, acute violent mania, 
m~lancholia, and dementia. In all cases it resulted in quiet-
li 
ipg the patient and in most it induced sleep. The author 
concluded that "Urethane has marked hypnotic power 11 • 
Another paper of historical interest reports the results 
o urethane treatment in twelve cases, in all of which sleep-
\ 
l,ssness was the prevailing feature (Sieveking·& Manifold, 
II . 
1~86). Sleep resulted soon after administration of the drug. 
P
11
in was relieved and sleep prevailed. 
'I Sollman(l917) also investigated the properties of various 
ccrbamates by applying concentrated solutions to the surface 
o the skin. He found that the application of ethyl carbamate 
resulted in urticaria, which always appeared within a few 
mjnutes, and faded in an hour. 
The most widespread use of urethane today is in the ex-
perimental laboratory. An example of its diverse uses in the 
laboratory is the urethane-rat preparation for the study of 
ir.testinal peristalsis (Macht & Hill, 1929). Its advantages 
inlwork of this nature are that it exerts its anesthetizing 
I 
effect upon the animal quickly, and by varying the dosage, 
th~ animal can be kept under urethane anesthesia for periods 
rapging from four to eight hours. 
2. 
In the last fifteen years dial-urethane has been used 
w lth success as an analgesia in obstetrics (Brown, 1934,· 
!I R~nd, 193.4; Reynolds, 1938; Van Del, 1942). Dial( di-allyl-
be rbituric acid) iS obtained from veronal by the replacement-
o ethyl radicals by an equal number of allyl radicals. r.t 
i practically insoluble in water, but when combined with 
u~ethane, a stable solution is :r'ormed. Commercial dial comes 
i~ ampules containing four times as much urethane as di-
ll < 
a lyl-barbituric acid. The urethane increases the solubility 
! 
o~: the dial. 
Dial-uretpane relieves the pain of childbearing without 
d1~laying the progress of labor. Urethane is used in combina-
t on with dial because it interferes less with normal reflex 
r sponses than do any of the other common anesthetics (Cushny 
& Lieb, 1915). The concentration of ethyl carbamate necessary 
f r the depression of uterine or intestinal muscle is about 
! 
1 hso. Since the usual dose of dial represents roughly a 
u~ethane concentration of 1:5,000 it is doubtful that muscle 
d~pression by the urethane component takes place (Reynolds, 
11 38). Dial-urethane has several other advantages. The 
p tient can be aroused to take liquids at any time. It does 
nDt lead to or predispose to postpartum hemorrhage in the 
mDther. There is an absence of restlessness. Dial-urethane 
I 
r~lieves pain and produces relaxation of the cervix and 
perineum. Uterine contractions are prolonged, and are 
fpllowed by a longer rest phase. 
3-
-I 
I 
\II 
Immediately after the intrave~ous injection of the 
Iii 
f
1
edative, there is a slight fall in blood pressure. Simul-
~neously, there is an increase in the pulse and the resp-
iratory rate, with a subsequent gradual return to normal. 
j
1
rere may be double vision, which soon passes off. In two 
thousand cases, Van Del(l942) reported a decrease in dura-
t~on of labor, in both primiparae and multiparae. 
' ~ 
:: There are no apparent deleterious effects upon the baby 
'1 
D: al-urethane does not depress the respiratory center of the 
n~wborn. In the two thousand .cases analyzed and reported by V~n Del, there were no stillborn infants. 
:1 As with almost every other drug, speculators have taken ,, 
ii 
a 
11 
vantage of urethane's s eda ti ve powers. A quantity of 
., 
u1ethane-containing cough syrup was recently discovered on 
t e shelves of a New York City drug store by an alert member I 
o the U.S. Food & Drug Administration. It was called 
"; yrup of Urethane". The U.S. Food & Drug .Administration 
SEized all known supplies. The article in which the inciden 
wcs reported considered the cough syrup dangerous because, 
n·t might make them easy prey to pneumonia .....•• 11 , comment-
ir~ on the carcinogenic effects of urethane. 
4. 
~~~========~== 
Despite a vast amount of investigation, the mode of action 
oi ethyl carbamate is not known. Physiologists agree, however, 
ttat urethane acts on the midbrain. The bulbar centers are 
li,utle affected. De(l946) investigated the hyperglycemic 
e 1IPect of ethyl carbamate on cats. He found that the most 
ar. iuerior plane through which section abolished the hyperglycem-
ic effect of the hypothalamus passed through the anterior 
b rder of the superior corpora quadrigemina above, and the 
!! 
marmiRrr~~y boaies below. 
ll Narcotics as a rule inhibit enzymatic and respiratory 
prrcesses in the cell. At low concentrations, narcotics in-
hifit respiration of brain tissue. Quastel(l943) investigated 
th~ effect of narcotics on metabolic processes in the central 
!/ . 
ne~vous system, and concluded that: 
" ••.•. the inhibitions of respiration of 
intact brain tissue obtained by low concentra;>:-,, .i 
tions of narcotics under aerobic conditions 
are •.... due to the affinity of the narcotics 
to a special component playing a highly im-
portant part in the chain of reactions compos-
ing the complete aerobic respiratory process 
of the cell.n 
Narcotics inhibit the oxidation by the brain of glucose, 
so· ium lactate and sodium pyruvate.. The gray matter of the 
br~in has a high rate ·of oxygen consumption and the oxygen 
up~ake of brain tissue is very greatly diminished by the 
pri3sence of many types of narcotics. Quastel(l939) suggested 
th~ following mechanism of narcosis. The narcotic is absorbed 
frpm the blood at a specific area or center of the nervous 
Iii 
5· 
ue. 
constituting the nervous center to oxidize pyruvic acid, 
acid, or glucose. Consequently, a depression of the 
functional activity of the nervous center may then en-
Thus the drug brings about a local anoxemia in parts of 
he nervous system where it is absorbed. 
Ethyl carbamate inhibits cellular proliferation. Green 
nd Lushbough(l946) studied this effect in the Walker rat 
arcinoma 256, in an attempt to determine the mode of action 
If he drug. The investigators attempted to evaluate the rel-
e roles of a general metaboli-c ~ffect and a direct local 
nh'bition of mitosis. Using synthetic di~ts, they showed tha 
.hane inhibits cellular proliferation, in part, by nutritio-
1 ebilitation of the animal. This did not account, however, 
the total inhibition of growth of the tumor. By. means of · 1.--
ologic and cytologic techniques, urethane was found not to 
an effect like colchicine, but to cause an increase in th 
er of abnormal mitoses in the illflignant cells. A possible 
anation as to· the mode of action of ur~thane was thus sug-
ed; namely, that inhibition of tumors by urethane beyond 
due to altered metabolism is the result of the production 
f on-proliferating daughter cells by the mitotic abnormaliti s. 
Narcosis is a temporary and reversible inhibition of the 
iological response of a living system, with relatively 
it le effect upon other processes. In a studY. of the mechan-~sm of inhibition of cellular activity by narcotics, McElroy 
6. 
( 1947) wrote:: 
II 
11 In various organi.sms, .... cell division 
and other activities can be inhibited by very 
low concentrations of inhibitors that may de-
press only slightly, or even stimulate, oxygen 
consumpt:ion. 11 
nThe usual observation that narcotics 
inhibit or depress. only certain functions or 
activities, while having relatively little 
effect on others, would appear to be due to 
their effect on 'synthetic processes~ Their 
selective action on the nervous system of high 
forms may be related in part to their favar-
able distribution in the lipoids, as well as 
to their interference with energy utilization.n 
Bernheim and Bernheim(l933) found that the inhibition of 
,, 
ox gen uptake by urethane is somewhat greater with intact cells 
th n with broken ones. They concluded that urethane aats on 
I th II cell surfaces, and possibly on the catalyst involved in 
re~piration. 
I 
il Johnson(l942) demonstrated that ethyl carbamate exerts 
an llanti-sulfanilamide effect on luminous bacteria systems, 
an it was assumed that urethane should therefore also exhibit 
anyi-sulfanilamide action by inhibiting the in·yivo protective 
action of sulfonamides against streptococcal or other infect-
io1s. Martin and Fisher(l942) demonstrated that this was not 
th~ case. In their experiments with 500 mice, p-aminobenzoic 
ac
11d(0.5 grams per kilogram) completely inhibited the protect-
iv~ action of .sulfanilamide against a streptococcus infection, 
bu~ urethane failed to inhibit the antistreptococcal action. 
. . 
Me lwain(l942) found that urethane antagonism was .shown only 
toNards low concentrations of sulfanilamide, which were just 
II 
If 
7· 
'11 
.., arti-streptococcal. With slightly different concentrations 
tbe urethane had no reversing activity, or· was inhibitory. 
Treatment of onion roots with urethane by Breemen(l949) 
c«used a slowing and eventual cessation of growth.:r '\'lith subse-
qtent shrinkage. Separation of cells and pyknotic nuclei were 
c mmon. Durin..g the treatment, mitotic figures could be found 
i~ all stages, predominantly in metaphase and anaphase . 
. !I Templeman and Sexton( 1945) tested· the effect of aryl-
c lrbamic esters on cereals. Ethyl phenylcarbamate arrested tbl3 
I 
g owth of oats after germination. First, the leaf ceased to 
gfow in length but its base became very much thickened and 
b~lbous, and no further leaves appeared. Root-growth ceased, 
., aP,d after remaining in this static condition for a period of 
t me, the seedling withered and died. Ethyl phenylcarbamate 
i8. aqueous solution (10 ppm) in contact with a germinating seei 
a~so brought about this morphological condition. High 
ij . 
cpncentrations prevented germination. 
Lef~vre(l939) subjected seeds of wheat to treatment with 
tvapors of phenyl urethane for 48 hours. The process was carri~d 
--
o~t at room temperature, either before or during germination • 
.... 
ThiS treatment resulted in the hypertrophy of the coleoptile, 
mesocotyl, and the root growing point, and finally in arrested 
~ ~~owth. Mitosis was 1 blocked 1 and large nuclei with many 
-
hromosomes were formed. Lefevre interpreted the cytological 
Iterations as a blocking of mitosis in pseudometaphase, 1eadi1a 
to the i'Y"'Y"AO'llla.,.. -f',-,,.m..,+;~.,.., ,....p ·~· ,"0 
8 . 
.. 
s-restored nuclei. His work was confirmed by Haddow 
··Sexton( 1946). 
I~cht(l948) investigated the effect of different concen-
tions of solutions of ethyl carbamate on the root growth o 
~-~~n~u=s albus seedlings. The effect on both normal and abno 
seedlings was observed. Abnormal seedlings were produced 
11 yarovizing 11 , or subjecting the plants to extreme variatio 
temperature. Macht found 'that normal seedlings were very 
ttle affected by the treatment with urethane, while the 
arovized 11 plants were very sensitive to the treatment. 
so, seedlings irradiated with X-rays in doses of 500r were 
tremely sensitive to urethane. 
In all cases where treatment with urethane has resulted 
retarded or abnormal growth, histological examination of · 
has revealed abnormal mitotic figures. This 
that urethane inhibits growth through its effect on 
Battle and Laing(l949) treated trout eggs wi~h 0.1 
l. 0 perccsa:nt solutions of urethane for periods varying 
to 72 hours. With an increase in concentrati~n of 
thane they noted a decrease in the number of interphases 
prophases,·accompanied by an increased metaphase count. 
e percent of anaphases and telophases remained constant. 
blastulation proceeded, there was a decrease in all 
totic stages, with complete inhibition at high concentrati 
the drug .. 
Geiersbach(l939) exposed chick fibroblast cultures to 
9. 
'I di ferent concentrations of urethane. In concen~rations above 
3 per cent, urethane had an immediate fatal effect, when the 
exposure was longer than 2 hours. Slight inhibition and abnor~-
al growth occurred in the 0.5 - 0.75 per cent range, when ex-
pojure was limited to 70 hours. Cytological effects, in addi-
ti)n to the inhibition of mitosis, included vacuolization, 
ro~nding of cells, pyknosis, amitosis, and in lethal doses, 
coagulation of protoplasm. 
Guyer and Claus(l947), prior to World War II, were work-
in3 with transplanted rat carcinoma, utilizing X-radiation 
ani colchicine. Unable to obtain colchicine because of the w~r, 
they reverted to ethyl carbamate. They found that while ethy· 
carbamate does affect mitosis, the results v1ere different froJJ 
those obtained with colchicine. This instigat.ed their study 
to determine the effect of urethane on mitosis. They injectec 
ralts intraperitoneally with an anesthetizing dose of urethane 
1 pc. of a 10 per cent aqueous solution per 100 grams body 
we~ght. Histological examination of the effects were made on 
septions of corneal epithelium. Treatment resulted in almost 
total disappearance of all stages of mitosis for a period of 
8 to 12 hours. Instead of arresting mitosis in metaphase and 
holding it there as colchicine does, urethane almost wholly 
dces away With all stages of it for a period. 
Dustin(l947) subjected mice to a single intraperitoneal 
ir:j ection of ethyl carbamate (l. 0 gram per kilogram body weigh ) • 
He observed decreased mitotic activity in the intestinal muco)a 
10. 
·-
II· 
l1~sting from 8 to '24 hours, accompanied by greatly increased 
c~ llular degeneration. Since cells outside the germinative 
r gion were not affected, it is probable that degeneration 
t,lkes place only when cells attempt to divide. There was no 
m~taphase arrest or the 'colchicine-type'. They observed no 
c mparable cellul~r destruction in other organs, even with 
I 1 rge doses of urethane. 
Bodine and Fitzgerald(l949) found no significant differe c-
e in the respo~se of embryonic cells to six hoillologous carba 
a .fes. All reagents tested prod~ced a marked inhibition in 
o~ygen uptake. Ethyl carbamate in low concentrations produce 
a marked and consistent stimulation i"lhile all other compounds 
I 
f~iled to produce such results. 
I 
Gurlac(l932) determined the toxixcity of urethane on egg 
o" Arbacia J2Unctulata. A solution of 1.0 per cent urethane 
II · 
h d no effect atan exposure of one half hour. A solution of 
lif 5 per. ·cent urethane was slightly toxic, 2. 0 per cent was 
tpxic, and 3.0 per cent was lethal. Guerlac determined the 
c~mbined action of urethane and sodium thiocyanate on the eel , 
apd found that their toxicity was additive. Although 2.0 per 
c~nt urethane is toxic and 2.1 per cent NaCNS is harmless, 
together they are definitely lethal. 
~ . :. .. ' MethyHme blue increases the oxygen uptake of grasshopper 
~ Embryos. Bodine(l949) found that urethane does not inhibit 
i he action of methylene blue. Urethane and methylene blue 
Gdded in sequence, quantitatively affected the oxygen uptake 
11. 
- Cf the embrvn!'l. 'T'hP Ar'lr'H-1-,inn nf' mo+hnl"'""" 1-..1,~ t.-.~-'1 ~ ~-~~9F~~~~~~~~~~~~~~==~===== I'! 
ef.Pect on the norr11al respira~~ory quotient(. 75), v-rhile urethane 
ra~sed the respiratory quotient from -75 to .94. When 
urethane and methylene blue were mixed., and added to the embryos, 
a respiratory quotient characteristic of methylene blue alone 
was obtained. 
Clowes and Krohl(l940) measured the oxygen consumption 
ar:~ cell division of fertilized sea urchin (Arbacia punctulata) 
eegs in the presence of several respiratory inhibitors, and 
fcrnd that the most effective agent for inhibiting cell divi-
sitn 1:las phenyl urethane. They concluded t;b.at the effect of 
Ul bhane on cell division is not due to its effect on the 
O"\",_.rall· respiration of the egg, since division is completely 
b /pcked at concentrations of the reagents which reduce oxygen 
ccpsumption to a level equal to or slightly below that of the 
cc ~trol. 
i Fisher and Stern\ 1942), working with yeast, observed the 
d·!iscontinuity in the relation betwe'en narcotic concentration 
ard its effect, 1vhich was inconsistent with the view that 
i hibition involves only a single respiratory system. The 
a1.. thors suggested that two or three respiratory syst·ems may 
c<mprise the total oxygen consumption, and the discontinuity 
a 'pears because inhibition of one of. the systems approaches 
cbmpletion at a urethane concentration which affects the 
s<~cond only slightly. 
Fisher and Henry(l943J treated Arbacia eggs v.rith urethane 
a~d found that a 0.1 M urethane solution almost stopped cell 
12. 
- kii ision, but decreased the rate of oxygen consumptlon to on.Ly 
-
abDut 75 per cent of the normal. This suggested that two eel} 
i 
sy'tems were unequally depressed by the urethane. Approximate 
ly 40 per cent of the oxygen consumption is mediated by the 
I 
'a~tivity' system, and the remainder by the 'resting' or 'basel' 1 . . 
sy~tem. They concluded that urethane acts on the two paralleJ 
rEspiratory systems, and the concentration of urethane just 
st~ficient to abolish cell division primarily affects the 
'c cti vi ty' system. 
The relation between concentration and the effect on 
I 
r spira tion lead Ormsbee and Fisher( 1941.~) to the conclusion 
t at ethyl carbamate has two distinct modes of action in the 
clll.. Consumption of oxygen by the 'activity' system does no 
or itself ensure cell division. It is possible to prevent th 
a~tivity of growth and cell division without interfering with 
t, e respiratory system which supports it. They concluded, in 
a
1 
cordance with Fisher and Henry(l943), that urethane acts on 
two independent parallel respiratory systems, and. concentra-
tions of u_rethane up to 0. 1 M. affect prim.arily only one of th ~ 
i fO systems. Therefore, the mechanism of narcosis. of ethyl 
crrbamate in Arbacia punctmlata seems to be th~ inhibition of 
ihe activity system. 
Meldrum(l930) observed the fact that the respiration of 
._. .. east may be reduced by 60 to 90 per cent by narcotics, which 
1
·nhibit the reducing systems. Bernheim and Bernheim(l933) 
ound that -urethane, in low concentrations, accelareated the 
A xygen uptake of yeast, while -in high concentrations it. inhib .ted. --~~~~~==~~~~~~~~~~~~~~~== 
tit !FiE her and Stern( 1942) verified th~s work, ·concluding that 
~nribition of the multiplication rate of yeast cells increases 
as the narcotic concentration rises. 
Sherif(l930) found that urethane affects the oxidation 
il 1' t. 1 . 1 t. 1 h. h ~rpcesses of me.mma lan nerve lSSue on y ln rea lVe y lg_ 
co~centrations. Conductivities of the nerves were not tested 
in the experiments and he ·was unable to state whether the same 
copcentrations of urethane which inhibit oxidation, affected 
conduction~ By measuring the time necessary for the reductior. 
ofii methylene blue, he concluded that ethyl carbamate inhibits 
o]ygen usage by mammalian nerve tissue. 
The current theory of the evolution of bioluminescence is 
\_) tlat it arose in connection with respiration. In bacteria, 
llminescence is dependent upon respiration, and both systems 
d pend on the presence of oxygen. As stated above, the effect 
o a narcotic depends on its concentration. Low concentratior~ 
s irnulate, while higher concentrations produce a reversible 
n~rcosis which may or may not be preceded by a transitory stin~ 
u ation. These facts hold true for both luminescence and resi~ 
i~ation. Tay1or(l934) found that concentrations necessary to 
inhibit respiration are much greater than those required to ir~ 
h~bit luminescence. Therefore, concentrations that inhibit 
~ l~minescence may stimulate respiration. Urethane increased 
tr 1~spiration as much as 100 per cent while at the same time, ir 
itpe same concentration, it reduced luminescence more than 
l~::h n.O.'Y'> f"!A'Ylt. 
14. 
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T~ylor concluded that there is no direct interrelation between 
t~e two processes, and that urethane inhibits the luminescent 
r'action in vitro by inactivating the enzyme involved(lucf'er-
1 a e). Since the concentration required to inhibit respiration 
I i greater than that required to inhibit bacteriaR luminescencE, 
t e same mechanism must be involved in both cases, i.e. in-
activation of the enzyme, probably due to adsorption of' the 
I uJJIIethane on the enzyme. Taylor( 1936) s~ated that the narcosis 
:I 
o i respiration and luminescence in bacteria cannot be attribut 
i 
ec~ to a simple adsorption process.',.: 
'; 
Johnson(l942) show~d that ethyl carbamate exhibits anti-
stlfonamide effects on luminous bacteria. The intensity of 
l~minescence of a washed cell suspensian is reversibly reduced 
bJ the addition of ethyl carbamate. Johnson's experiments 
wjkh luminescent lucif'erin-luciferase systems showed that the 
vElocity constant of the reaction in· vitro is retarded by 
et~yl carbamate. Johnson came to thEi conclusion that the 
ac~ion of urethane on the cell is reversible and is clearly 
or the enzyme luciferase, and that the. inhibitory effects of' 
urethane are related to those of narcotics in generp.l. 
Johnson and Chase(l942) arrived at the same conclusions, 
st~dying g~dina luminescence in vitro. They found that the 
l~minescent reaction of purified Cypridina luciferin and luc-
:iferase is retarded by urethane(at room temperature), in a 
manner that does not affect total luminescence produced. The 
irhibition by urethane was completely reversible, except at 
15.· 
<igh concentrations(approaching 1.0 M). 
I Johnson, Eyring and Williams(1942) maintain that a thermo 
I 
4iynamic equilibrium exists between catalytically active and 
~nactive forms of certain enzymes within the living cell, and 
d 
I 
his equilibrium is sensitive to certain narcotics. Urethane 
causes the optimum temperature of luminescence to shift 
I 
f,lightly in the ·direction of the l:ower temperatures. 
!\ In 1943, Johnson, Eyring and Kearns studied synergism 
t.~d antagonism with sulfanilamide and urethane. Results in-
c licated that at a low temperature urethane· · increased lumin-. 
E~cence when added to an inhibited system, while at higher 
i mperatures it exerted its own inhibition by promoting re-
i 
-v:ersible temperature inactivation of the enzyme luciferas e 
il 
a!hd thus increased total. inhibi t.ion. 
\ Johnson, Eyring, Steblay, Chaplin, Huber and Gherhardi 
(~945), in a study of inhibition of luminescence found that 
t;.~e inhibition caused by urethane ~ncreases as the temp~ra turE 
i~creases, and that the effects of urethane are sensitive to 
r:t~rostatic pressure. 
Thus, all investigations of the inhibitory effects of 
urethane on lumines.cence and respiration point to the fact 
I 
I that the action of urethane is related to narcotics in genera , 
a~d that urethane produces its inhibition .by inactivating 
e~zymes in the cell. 
Lucke( 1931) studied .the effect of urethane on the 
II 
16. 
p?rmeability of living cells to water by measuring the rate of 
SNelling of sea urchin eggs in hypotonic sea water and in 
h 1!rpotonic dextrose solution. He'found that urethane did not li 
' ower the p:er.meability of the Arbacia eggs to water when the 
lj ' 
di-->ug was caused to act in sea water, or in a medium contain-
i p.g calcium. He stated~ however, that:· 
11 The effect of narcotics on permeabil-
ity to water depends on 'the chemical composi-
tion of the medium in which the narcotizing 
compound fs dissolved.n 
Haddow and Sexton(l946) suggested that urethane might 
a~t by competing with some natural amine involved in the 
l~osynthesis of nucleotides, or by inducing a deviation in 
xurine synthesis. The latter hypothesis was proposed in ~iew 
tf the long recognized aberration of purine metabolism in 
''leukemia. 
I ' :! 
17 .. 
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Effect on Body Functions 
?~i*~~~~~~~~~~·~-~~~-~~~~~~~~~~~?f~~~~~ 
i' 
1! Drugs which slow respiration often make it deeper, w:hile 
others which accelerate it make it shallower. Oushny and ~ieb 
(1915) found that a moderate amount of urethane produced a 
I 
co'nparatively slight slowing of respiration, and the response 
to carbon dioxide remained unchanged. With large amounts of 
ur 1~thane, concentrations of carbon dioxide which earlier had i lreased respiration now slowed it. The authors observed that 
wi!1h 002 inhalation under urethane 7 respir~ tion remains normal 
a:sllto depth, but the acceleration of rate diminishes as the 
d ~age of urethane is increased 7 till no acceleration is ob-
,, 
tlf[ ned. Ultimately, the 002 diminishes the respiratory rate. 
O~vgen lack has the same effect under urethane anesthesia as 
d4''" co2 inhalation. The investigators determined an increase 
i1 co2 concentration in the blood with urethane 
11 poisoning 11 , 
i 
a d also a fall in blood pressure. ·They suggested that the 
II 
s 'pwing of respiration under urethane is due to an action on 
!i 
tl::'~ intrinsic rhythm of the respira tmry center which is rend-
ered slower. Reaction: to reflexes remains normal, while re-
ac
1
fion to blood gases is· altered under urethane anesthesia. 
Magoun(l938) experimented with.cats anesthetized with 
urethane. Urethane was preferred because it does not depress 
rEspiration as does nembutal. However, Magoun discovered that 
u:q'ethane had the disadvantage of being associated, in some 
I 
c,ts, wi-th a period of polypnea and panting which occurred at 
18. 
II 
il 
ncl"mal body temperature and with no apparent external causatiol:l. 
Ir 41' experiments under urethane, ·polypneic panting I.Yas en-
1 . . 
'! 
ccuntered as a more or less initial feature in 15 cases. The 
~:~ting stopped afte; a period of 20 to 60 minutes and respir-
a :lion was stabilized at a lower rate. Magoun was unable to ex-
.l 
p ilain the effects of urethane upon the panting mechanism. He 
treorized that th.e urethane may·produce a release from inhibi-
t .1 on or may cause a chemical exc ita ti on of the respiratory 
c nter. 
Nicolle(l938) found that intravenous injections of 0.01 
g ,am morphine per kilogram produced severe · · apnea in animals 
u der the influence of urethane. 
Oberholzer(l944) studied the influence of narcosis upon 
t e vagal respiratory reflexes and :·found · that light narcosis 
dJcreases inhibitory influences upon the inspiration center, 
w I ile deep narcosis has a specific ~.ction in the reduction of 
r flex excitability of the respiratory center. He further 
II 
c~ncluded that ethyl carbamate promotes the inspiratory compo-
n~nts of the vagal respiratory reflexes. Wi.th a combination 
I 
I o~ barbituric acid preparations and urethane, vagal excitation 
p~oduced both inspiratory and expiratory effects. 
o\ 
·l Barcroft, Berman, Kramer and Millikan( 1937) carried out 
~ a~ investigation, using pregnant goats, to determine the effect 
of urethane on the onset of respiration at birth. When female 
goats were given urethane, the respiratory center was unimpair-
19. 
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owever, 
s relatively slow after the intact umbilical cord to the foe 
s was occluded, with intervals between respiratory effort~. l 
onset of breathing in the fq~tus was much quicker in an1ma s 
mother did not receiveurethane .. Urethane, therefore, 
the respiratory tract of the foetus to a very marked de ee. 
A,J,.Q:pg __ :wi th the increase in th~Z use of urethane for experi 
and therapeutic purposes in recent years, much invest~­
has been done on the effects of urethane on the blood. 
its close resemblance to urea, attempts to estimat 
ethane by reactions ·based on the amino group were unsuccess 
1. Archer, Chapman, and Rhosen(l947) and Driber, Chapman, 
:wsen an<i. Warren(l948) described a new met.nod. for estimating 
urethane concenLr·a"t:LOn in T,n~ ulooa_, with attention directed 
toward the ester groupmng o!· urethane. Ure:thane is quanti ta-
hydrolyzed to alcohol, ammonia, and carbonate by boili g 
i th a solution of NaOH. The alcohol is "then estima"t,ed by 
~stillation intotacid potassium dichromate solution, and tne 
xcess dichromate is titrated with sodium thiosulphate, after 
addition of potassium iodide. 
Krfugh and Harrop(l920) obtained capillary dilation in th 
ongue of" "the frog (R. esculenta) by applying a drop of 25 pe. 
~ent urethane solution to the tissue. Stasis developed rapid y 
India ink particles in the vessels did not pass through -
wall of" the vessel. The experiment was repeated with a 
20. 
-~~ sc lution of colloidal dye (vi tal red) and with soluble starch. 
-
B< th of these." readily penetrated the walls of rapidly dilated 
c<pillaries though they were retained in normal vessels. The 
a1thors concluded that urethane increased permeability by rap 
i< ly dilating the vessels. 
·Boycott and Jones(l922) found that under anesthesia, re-
s~oration of blood volume after hemorrhage is slower and less 
c l)mplete than in non-anesthetized animals, due to a diminutio 
i ~ permeability of the capillary wall to liquid passing from 
I t ssue fluid into the blood. This alteration in capillary 
p~rmeability results in the accumulation of liquid in the 
t~ssues, with a subsequent increase in blood concentration. 
Landis(l927) disagreed with Kroghts conclusions concerni ~ 
t~e alteration of capillary permeability. He found that a 1. 
~er cent urethane solution produced only a moderate dilatatio 
and increased flow, without stasis. It increased capillary 
Iressure by 2 to 6 em. of water simultaneous with an increase 
~n flow. The same results were obtained when urethane was in 
iroduced into a capillary network by means of a micro-pipette 
1 4 em. rise in capillary pressure resulted after 10 seconds' 
ocal perfusion with 1.5 per cent urethane. With higher per-
<entages of urethane, there was a sudden rise of pressure to ~ 
evel characteristic of arteriolar pressure, i.e., in excess pf 
.. ~ 5 em., simultaneous with sluggish flow and an increase in blpod 
oncentration. The increase in pressure was due to blockage 
21. 
< f venous capillaries. Strong solutions of ethyl carbamate -~=9~================================+===== 
• 
.. 
- 25 per cent) caused the corpuscles witl1in the capillaries, 
the melanophores in the mesentery to disintegrate and to 
give up their pigment. Injection of 5 per cent urethane into 
I! 
a[: capillary caused stickiness of the endothelium. All these 
f cts suggested that the capillary wall was injured by ethyl 
c rbamate. Landis therefore carried out diverse tests to det 
elmine the injurious effects of urethane to living cells. He 
f \ und that a 2 per. oent .. solution of urethane in sea water kil~-
1! I 
e. Arbacia eggs; 25 per cent ethyl carbamate in sea water kill-
e! Arbacia eggs in 1 minute,, with liberation of their pigment! 
E hyl carbamate(5 per cent) slowed the. motility of Paramecium 
c l.udatum in a hay infusion. It was determined that the osmot' c 
II 
pbessure of urethane had no effect on vessel permeability. 
,, 
,, 
r.<ndis observed increased permeability afterc.treatme:nt with 
I 
u ,ethane in both constricted and dilated capillaries, without 
a change in diameter. He therefore concluded that the increa -
ec passage of fluid after the application of ethyl carbamate ~o 
a vessel is not due to dilatation, but to injury of the capil -
a y wall. This agreed with Starling(l896) who said that any 
stbstance which by its toxicity partially or completely destroys 
tre impermeability of the endothelium for plasma colloids will 
cause water to pass at an abnormally low capillary pressure. 
~ndis also observed that urethane stasis is almost always 
i:t reversible. 
22. 
Adolph and Cerbasi(l933) administered GO per cent.ethyl 
c~::rbamate solution to dogs(2 grams per kilogram) intubational,_y -~~~1=================================9====== 
\\ 
-1\ 
~ld intraperitonealio/, and observed extreme concentration of 
tl 1e blood, or a decrease in the ratio of plasma to red blood 
cElls. Immediately after administration there was a prompt inr 
c1(
1
ease in heart rate, almost twice the normal. rate, and the 
if 
aJ:';terial pressure dropped. Investigation revei1led that: :the 
s11een was not responsible for the increase in plasma concentr~­
t~on under urethane. Rather, the increase in mean capillary 
b,pod pressure caused transudation of fluid from the plasma to 
tb9 tissue spaces, till the corpuscles occupied 60 per cent of 
tb13 volume of blood, rather than 50 per cent. The authors co:rl--
cJ~ded that the c~pillaries were more permeable to plasma pro-
ei p.s, 
tc:l an 
I' 
I 
probably due to the direct effect of ethyl carbamate, or 
effect of the lack of oxygen that resulted from the stas:...s. 
Robin, Drury, Essman and Leese(l947) determined the effec~ 
of urethane on the erythrocyte membrane. Hypotonic, isotonic 
~n, hypertonic solutions of urethane up to concentrations of 
10 per cent were capable of h.emolizing erythrocytes, while 20 
~e; cent solutions caused partial hemolysis. These facts were 
in~erpreted as follows. Ethyl carbamate has two opposing ac-
:\ . . 
'ti.ns on the erythrocyte membrane. First, it increases the 
pe meability of the membrane, thereby allowing water to enter 
I 
th~ ceil and hemolysis to take place. Second, the osmotic 
23. 
'-' pr~ssure exerted by urethane molecules in solution tends to dr~w 
~a~er out of the cells. In hypotonic solutions both actions 
SU)plement each other and hemolysis takes place. In isotonic ~-~~~================================~==== 
ll 
lutions the hemolytic effect prevails and hemolysis still 
In hypertonia solutions the hemolytic effect is s 
and hemolysis occurs until a concentration of 20 per cent 
reached. At concentrations of 20 per cent the osmotic pre 
the ethyl carbamate begins to overbalance the hemolyti 
ect and only partial hemolysis takes place. At 24 per cen 
greater~ the osmotic effect is stronger than the hemolyti 
ect and no hemolysis occurs. The effect was observed only 
vitro since fragility tests showed no change in the osmoti 
llationships ·of the erythrocyte in vivo. 
The effect of ethyl urethane on the acid-base equilibri 
the blood was investigated b~ Hawkins and Murphy(l925), by 
of intraperitoneal injections of .. _ o~~2 cc. per 100 grams 
weight of 50 per cent urethane solution in sterile physi,-
cal saline. Carbon dioxide and pH determinations were 
1 
1 and 3 hours after the injection, and l, 2, and 3 days 
lereafter. The pH and co2 content of whole blood of rabbits 
ected with urethane markedly increased at 1 hour, and re-
the high level for 24 hours, returning to normal in 
hours. Thirty rats were given 1 cc. of a 10 per cent solu 
carbamate per 100 grams body weight {equivalent 
the amount given to rabbits). The CO? content increased a 
hours and reached a maximum at 24 hours. The pH was normal 
3 hours but increased to a high level by 24 hours and re-
ined there for 48 hours. 
24. 
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These two experlments Showed that a de!·lnl te aT1ffiTl ..Leve..L 
e ists in the blood of rats and rabbits after injection of eth 1 
ccrbamate. The results agree with those of Cushny and Lieb(l9~5), 
~~o showed that the reaction of the respiratory center of ure-
t anized animals to blood gases is so altered that an increase 
i . co2 or a decrease in oxygen has less accelerating action 
t1an is the case normally. Simultaneously, co2 accumulates in 
I 
t ~e blood since, :the rate of breathing is not accelerated to 
r move the excess 002. 
Blood counts of 10 rabbits treated with urethane, when 
c •Dmpared with the normal, showed a decrease of 20 per cent in 
llmphocytes during the first hour, a greater fall at the end c f 
t
1 
e third hour, .and a maximum decrease of 60 per cent at the J 
e'\ld of 48 hours. The return to normal required 1 week. Poly 
mprphonuclear leucocytes increased rapidly after the injectior 
o~ urethane, reachillg a maximum of 200 per cent above normal 
~ithin 24 hours and returning very slowly to normal. In 39 rcts 
. a decrease- of 50 per cent in the number of lymphocytes occurrEd 
~lhours after injection and persisted for 48 hours. The lymp'-
c., yte count returned to normal after 6 days. Polymorphonucle, r 
I 
leucocyt~s increased 
Ilier cent at 3 h~urs, 
I Further effects 
I 
E'rmined by Rabieten, 
rapidly, reaching a w~ximum of over 200 
the·n returning slowly to normal. 
of ethyl carbamate on the blood were det 
Nahum, DuBois, Gildea and Himwich(l934) • 
r~heir results concerning the effect on pH and C02 content of 
25. 
he blood were contrary to those reported by Hawkins and Murp y. 
--==~~==============================~===== 
.. 
Hawkins and Murphy measured an increase in 002 pH 
al observed a decrease in pH and 002 content. No 
reason for these contradictory results is given i 
literature. Hawkins and Murphy used rabbits and rats in 
ir work, while the other workers used dogs. It is improba le 
this should account for d.'irectly opposite results. 
Rabieten et al also determined that ethyl carbamate in-
sed the concentration of lactic acid in the body, decreas d 
alkaline reserve,.and increased the concentration of the 
ood. They theorized that the latter might be due to either 
II e remov·a· 1 o-~=' .L flu.id from, or the entrance of red blood_ cells 
the blood stream. 
Saito and Shueh(l937) investigated the influence of ure-
anesth-esia upon the gaseous co:ntent of the blood. 
anesthetized with urethane in.doses of 0.7 to 1.5 grams 
kilogram body weight. The 002:, content of the blood bega 
diminish 30 to 60 minuj:;es afterinjection a:nd continued 
~~=~u~sh, while the oxygen content and oxygen capacity in 
'l'he oxygen tension of arterial blood underwent no 
in oxygen capacity indicated increased concentrati 
f hemoglobin in the blood. Performing the experiment on 
lenectomized rabbits confirmed the fact that the Spleen 
important role in the mechanism of increase 
urethane anesthesia. These resmlts also disagree 
of Hawkins and Murphy, who reported an increase in 
2 content of the blood after urethane injection. Both 
.f workers used rabbits, therefore the method of measuring 
26. 
t 1e gaseous content of the blood may have contribut®d'.~ to·. 'the 
lj, 
d,i screpancy. 
- II 
:I 
Blood cholesterol after repeated administration of ure-
t'ane was measured by Gray(l930). Urethane was given to 
I . . 
r
1
bbits by means of a stomach tube, 1 gram per kilog~am body 
w 1 ight. The average amount of serum blood cholesterol in 
n Jlrmal rabbits was found to be 46.6 mg. per 100 ce.-. Urethane 
wls administered every 5 to 7 days, and produced no marked 
I 
c ange in blood cholesterol as is found after repeated chloro-
r' 
f !.rm administration. 
Florey and Marvin(l928) claim that any i_nvestigation of 
·rculation in animals under urethane anesthesia is not valid 
i; 
b 1cause of the complications produced by the effect of ure-
t ,ane on the cl·rculatl·on. They proved this by injecting ure-
t ane intravenously into rabbits and measuring the blood 
plessure. Traction exerted on .the peripheral end of the 
c~mmon carotid artery produced a slight fall in blood pressure 
i; 
u der ether, and a pronounced fall under urethane anesthesia. 
I 
1 etha~e had 11 sensi tized 11 the reflex. Distending the carotid 
ll s•!Lnus produced no effect under ether, but a pronounced fall 
I 
urethane. Traction on the central end of the cut 
rachial plexus resulted in a slight rise or no effect under 
ther, and a pronounced fall in pressure under uretnane. 
raction .on a muscle(opening the jaws or stretching the 
W· 
II 
effect with urethane. Thus, under urethane anesthes~a~ 
of stimuli produce depressor reflexes in the rabbit. 
Cruz .and Moussatehe(l948) induced acute thrombocytopenia 
in dogs by subcutaneous injections of 60 per cent urethane sol 
t on. Urethane was administered.daily, 0.4 gram per kilogram 
II 
o,y weight, and treatment lasted l to 2 weeks. Pathologic 
h ll . t d f . l . . th ll . c nges cons1s e o numerous purpur1c es1ons 1n e sma 1 !I 
II te~tine, and a smaller number on the skin, heart, lungs, cort-
ic/11 zone of the kidney, epiploon, and rarely on the stomach 
a ~ large intestine. Hemolytic changes, in sequence of their oc~~urrence , were leu co cy to sis , leukemia and thrombocytopenia , 
a a finally acute anemia coinciding with severe intestinal 
orrhage. In the final phases, coagulation time was normal 
bleeding time·was very much increased. Platelets disappe 
completely from the circulation. 
Absorption and excretion of water is delayed by urethane. 
H tller and Smirk(l932) injected rats subcutaneously and found 
t t alimentary absorption of water is delay®d to a slightly 
l!sser degree by urethane than it is by ether or chloroform. 
decreased alimentary absorption in the rabbit. 
e authors concluded that the urethane works in two ways: by 
laying absorption in the alimentary canal; and by 
28. 
e cretion after absorption. That the inhibition of 
~~~~~~=*~~~~~~~~~~~~~~~======== 
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f.line :Cor water absorption was allowed p:r.ior to induction of 
~n~sthesia. 
W. 
Magoun(l938) showed that polypneic panting occurred at 
~crmal or subnormal body temperatures in some cats anesthetize, 
wjth ethyl carbamate. Grant and Robbins(l949) undertook to inl 
VE stigate the possibility that urethane promotes heat loss by 
a ting on the thermoregulatory centers. They anesthetized rabD-
i~s with 1.0 to 1.5 grams of 20 per cent urethane solution per 
k logram body weight, administered intraperitoneally. The ra~~d 
fall in body temperature which ensued was due to three things. 
l) A decrease in heat production. 2) Vasodilatation in the 
e~rs. 3) ~olypnea, in a few cases. After the temperature drcp-
l:t: ed t'Jto 3° c., the polypnea ceased, vasoconstriction occurred, 
lend the fall in temperature was retarded. Warming restored 
Jasodilatation and incited polypnea. Tfiese facts seemed to ir~ 
/icate that ethyl carbamate lowers the temperature threshold J 
or the activation of thermoregulatory mechanisms. Despite t is, 
he authors were of the opinion that the action of uretuane wJs 
~ot on the primary centers of thermoregulation, for three reaJ~ 
bns. l) ~fuereas vasodilatation and polypnea were practically 
1 
oincident in normal animals, urethane usually slmved respira-
·~· //ion and simultaneously incited vasodilatation; and the thresi: _ 
l~lds for activation of these mechanisms ara widely separated 
~n warmed animals. 2) Intravenous or subcutaneous in-
II 
·-- -
I 
··' 
jef:;tions rarely caused vasodilatation or polypnea. 3); Inhibi-
tipn of the heat loss mechanis~ by bacterial pyrogens was un-
afPected by previous or subsequent intravenous injections of 
urrthane. 
Guttmachen and Weiss(l927) injected rabbits subcutaneous-
ly with 3· 0 to 3-2 grams of urefu.hane per kilogram body \"leight, 
in an effort to determine the influence of urethane upon meta-
bo ism. Animals which received 3 grams of urethane per kilo-
grJm were in a condition of areflexia and showed no visible 
II mu~cular response to the passage of a stomach tube, cutting 
ofP an ad~quate oxygen supply, corneal irritation, tickling 
of ll the nose, the deep insertion, of a rectal thermOmeter, or 
pi1ching the feet. A state of complete areflexia was never 
obuained in animals under light narcosis. Constant metabolism 
· wa3 observed in animals under light urethane anesthesia, \vhile 
an· mals under de.ep urethane narcosis showed a slightly greater 
teldency toward an increase in metabolic rate. Ethyl carbamate 
ha no effect on the basal metabolic rate in the human(Bedinger, 
II 
Po cher and Limarzi, 1947). 
Although Sievekin~ and Manifold(l886) reported that ure-
tb~ne did not affect the secretions, more recent work has 
pr
1
pduced contrary evidence. Kodama(l930) found that admini-
st1~a tion of urethane diminished the rate of epinephrine secre-
tj on initially, but vri thin 10 to 30 minutes after injection, 
a ,(iistinct increase in secretion rate occurred. 'l'he increased 
30. 
.. 
~e r$tlon rate perSlSted for 20 to 60 minutes, and subsequentl 
1~h~ rate became subnormal. Splanchnectomy eliminated the stim[ ~l~tory effect of ethyl carbamate on the r&te of secretion of 
I 
~P 'lnephrine. 
Boyd and Perry(l944) observed that the potassiun content 
of bronchial secretions is higher in cats under urethane anest1e-
si than in decerebrated cats. This suggested to them the pos~-
ib lity that urethane relaxes the bronchial muscles of 
Re sseissen by setting free in the respiratory tract potassium 
io , which by virtue ·of ite sympathomimetic activity, relaxes 
th~se muscles. Farmer(l939) had earlier reported the treatmen~ 
of bronchial asthma with urethane. 
White and Stedman(l931) tested the action of miotine, a 
sy th9tic urethane, on physiological functions. Miotine causE~ 
an increase in the activity of the intestine and frequent defE~ 
ca ion. The tone of the intestine was raised, also. Bronchic~G l 
muscles constricted after miotine administration. Miotine in-
cr~ased the secretions of the lachrymal, salivary, and bronchi~l 
glands, and when applied to the plain muscle of the bladder, 
it increased bladder movement. In the isolated non-pregnant 
i 
cal\.> uterus, miotine diminished the rliY.:thnii_c movements, and in I 
tht non-pregnant uterus in situ it produced relaxation. Miotj~* 
.. increased the sensitivity of the vagus to stimulation. The 
re~ponse in a pithed cat to a standard dose of acetylcholine 
w.as found to be increased after injection of miotine, and 
=-~~~======~=====================r==== 
1lf POI&$ntiation of the usual ~ffects of small doses of ACH on 
blood pressure and bronchiol®S was observ~d. As a result of 
.. 
th~ injection of miotine, th& rate of both the auricular and 
I 
ve~tricular beats of the heart diminished, amplitude decreased 
I I 
an~ there w~s a fall in blood pressure. Direct observation o 
bJbod vessels in a rabbit ear preparation showed that miotine 
fi~st produced a decreas@ in outflow, then vas&dilatation 
rc~lowed by vaaocmnstrictio~. No changes in the vesse~s or tle 
fJ;pg 1 s tongue wetrs observed. When applied to voluntary musclE, 
m·tiotine caused fibrillary twitching of enough magnitude to c~ juse c.onvulsions i'n a smaller animal. Other synthetic ure-
tlanes t®sted gave similar results. 
Cow-pox vaccine normally ~ev®r beoomes neurotropic, 
c using encephalitis. Fiala(l943) succeeded in making rabbit 
blains susceptible to intravenous and subdural injections of 
o~dinary dermal vaccine by anesthetizing the animals with 
sabcutaneous injections of 10 to 40 cc. of 20 per cent ure-
" 
,, 
t~ane. The treated animals displayed signs of encephalitis· 
-~~~==================~=============9F==== 
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Antibact~rial Eff@ct 
-)~~-7f-***~t-***********.J,t. .. ~ 
Ure~hane is an effectiv® antibacterial agent. Weinstein 
MacDonald(l945) found that a 3 per cent urethane solution 
is bacteriostatic for E. Coli in veal infusion broth containi g 
5C
1 
per cent horse serum. Staph. Aureus required 4 per cent f<,r 
s ·lmilar action. The bact6lriostatic level was lovier in synthe ic 
me fiia. Two per cent urethane inhibited the gr01tvth of Pneumo-
cclbcus, hemolytic Streptococcus, Proteus vul~aris, E. typhi, 
a! 1~ s. ~aradysenteriae(Flexner) in serum-veal infusion medium 
K lling occurred after a 5 to 10 minute contact with 10 per c nt 
u ethane in veal-serum broth with innocula as large as 50,000 
t 75,000 bacteria. Staph. Aureus was killed only after 3 to 
4 hours of exposure. In general, urethane exerted a bacteria-
s ~atic and bactericidal action mainly against gram negative 
b/,cteria, and to a lesser degree a~ainst gram positive bacter a~ 
II I I discussing its mode of action ori bacteria, the authors sug 
g sted that it might have a depressant effect on the enzyme I 
s~stems of the bacteria. 
Continuing their work, Weinstein and MacDonald(l946) re-
pprted that in 10 per cent concentration~ urethane was regula~­
lw bactericidal for all gram negative bacteria investigated. 
T~e lethal effect occurred in from 5 to l5.minutes of exposur~, 
w th the most susceptible bacteria. Serum increased the anti 
'I 
b~cterial activity of the carbamate compound, and neither 
33-
hvdrogen ion concentration nor osmotic pressure were involved ~~====~~i*~~i~t~s~m~~o~de~o~f~a~c~t~i~-~~rt-~:-~.~~n~~-bQac~--~:~t~e~~!~ __ i·~~n~============================9F======~'== 
Weinstein and MacDonald(l946),reported the enhancement 
I 
II 
of the antibacterial effect of urethane against gram negative 
bacteria produced by the addition of a non-bacteriostatic amouni 
of sulfanilamide to a quantity of urethane which did not inhibii 
thE growth of bacteria. The investigators could not discern 
whE~~her enhancement of the antibacterial effect was the result 
of ,~n additive phenomena, of potentiation, or of inhibition of 
su~~onamide-inactivating substances. The bactericidal effect 
f 
of ~rethane was moderately increased by the addition of sulfa-
th·~zole. Urethane was found to antagonize the anti-sulfonamidE 
ac ion of p-arninobenzoic acid, but the ra~ge of inhibition was 
na1 rovJ, and the duration- of the effect short. Urethane in-
crEases the solubility of sulfanilamide at least two times, and 
of sulfathiazole at least three times. 
Foa and_ Seppilli(l946) confirmed the antibacterial effect 
of urethanes on both gram negative and gram positive organisms, 
anc found that the ant:.ibacterial effects increase with increas-
I 
ed molecular weights of the compounds. 
The bacterial flora of infected wounds often consists of 
a ixture of gram negative and gram positive organisms. 
Pe icillin is valuable for wound infections v-rhere gram positive 
~- . 
balteria alone are the causative agents, but is of no use where 
grjm negatiVe bacteria are present. This is especially true 
wi~h ~· Coli which may partially inactivate the antibiotic 
" ag~nt, or simply prolong the infection and prevent healing. 
We~nstein(l946) effectively treated wounds by first eradicat-
inW the gram positive flora with pepicillin, and then using 
34. 
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II 
urEthane to clear up the gram negative flora. He found that 
us ng the two agents simultaneously was more effective, and 
~otnd that the combination of bacteriostatic quantities of ure 
thcne with penicillin resulted in complete suppression of growuh 
of mixed cultures of s. Aureus and E. Coli. There was no in-j --- ---
~c ivation of the penicillin by urethane. 
Weinstein(l946b) used a urethane-sulfanilamide mixture to 
tr at a surgical wound infected with Eberthella typhosa. I . 
Tr~~atment of the local infection with a solution containing 
10 llper cent urethane and 1.0 per cent sulfanilamide lead to 
d 
:i . 
ra~id eradication of the infecting bacteria and healing of the 
wo l.md. 
Howe and Weinstein(l947) stated that urethane is an eff4c~-
iv agent for eliminating gram negative bacteria from mixed 
wo nd infections, and that it allows normal wound healing. 
Lu~hbough, Green and Storer(l948), hm.Yever, investigated the 
ef ect of urethane on wound healing, and concluded that uretha~e 
in]l_ibits reparative cellular proliferation. A total of.l70 
no
1
rpal albino rats were given 1,000 mg. per kilogram body weif.lht ! ·c 
in two equal doses, eight hours apart, daily. Since the ethy 
ca bamate might modify woung healing by preventing infection, 
coJtrol animals were given urea in comparable doses. Urea is 
I 
reiatively non-toxic but similarly bacteriostatic. The woundE 
II · 
were surgic~lly made right para-median laparotomy incisions, 
3 pm. long, and were immediately closed with stainless steel 
35· 
~ wire sutures. The control animals healed normally, and at 12~ 
~-~~=*==========================~=====9====== 
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h~urs their wounds were well healed. Wounds of the urethane 
II· 
a~imals were still open at 122 hours. The authors concluded 
t'at ethyl carbamate inhibits reparative cellular prolifera-
1 t on by delaying cellular exudation. After exudation does 
o~cur, removal of the debris of degenerating leucocytes is 
II . . 
alrso delayed. The delay probably results from the failure of 
tl~e macrophages to appear or to develop in the wound as rapid 
,r 
~' as in a normal animal. Greatest inhibition was observed 
i~ the fibroblasts and endothelial cells. The authors statQd 
"Urethane does not inhibit cellular pro-
liferation by causing inanition or premature 
cellular maturation. The inability of capill-
aries to proliferate in the presence of 1 mitot-
ic arresting 1 doses of ethyl carbamate may be 
the principal means by which this substance 
retards neoplastic growth .. 11 
\ Howe(l948) treated 17 infected wounds in man by injectirP 
2: urethane-penicillin mixture to keep the wound constam.tly 
>~t. A total of 15 successful closures resulted from this 
tr'eatment. 
II 
1: I 
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II Carcinogeni~ Effect 
-3~i~-h"-3~~}*·~(-1f-*-3~{i- .. ~E-7(--~~~* .. ~*?~ I~ 
I Several workers using urethane as a laborp. tory anesthet·i 
o1:,rerved .that the incidence of pulmonary adenoma rose sharply 
ir animals of susceptible strains. 
Nettleship and Henshaw(l943) '"ere among the pioneers to 
de ~ermine the effect of urethane on the. inducement of lung ad 
er pma in mice.. C3H strain mice were intraperi toneally inject d 
wj !th weekly minimal anesthetic doses of ethyl carbamate·. The 
! 
tieatment resulted in an increase in incidence of lung tumors 
f:r om 5 per cent to more than 75 per cent·. The tumors appeare 
tc arise. in tissue which showed little or· no injury·, and coul 
be detected 2 to 3 months after treatment had begun~ Subanesph~ 
eili.e doses also markedly increased the incidence of lung tumo s. 
Tt~ time of tumor occurrence was moved forward several months 
bJ injecting urethane into strain A mice; which normally have 
a ,P,igh incidence of spontaneous lung tumors·. Henshaw and Mey flr 
(J'944) found that a single anesthetic treatment with ethyl car-'-
1\ 
ba'flla te is sufficient to induce pulmonary. tumors in mice, and 
s 1lne induction might be obtained vli th a single treatment of a 
st:panesthetic dose. They also noted that the tumor may be re-
mo~e from the site of injection, and that the number of tumor 
vabies with the number of injections. 
,I Henshaw and M®Y~~(l945) carried out further work to deter..:.. 
mifbe Whether ~rethane !3:Ql.}.;J,.g ,_protl.).lp~,~ pulrnon;:\.ry adenomas if it 
• <> *' . . ... - '• ,_ -
~fre administered by a different method. One group of male 
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solution in tap water). No other :fluid was offered o 
Another group received subcutaneous implantations of 
stalline urethane. All the mice were killed at 7 months o 
and the number of lung tumors observed increased directl 
the amount of urethane administered. This suggested to 
nshaw and Meyer that the cells of the lung vary in their su -
The experiment indicated that lung 
mors can be induced as readily by subcutaneous implantation of 
ethane crystals or by drinking water~ as by intraperitoneal 
jections of urethane. 
Larsen and Heston(l945) observed that anesthetizing dose. 
urethane admlnistered repeatedly on a dose/welght basis ini 
per cent more lung tumors in male than in :female mic~. 
when it was administered in equal amounts to male an I 
this difference was not observed. It was noted •hat 
ss nodules were found after repeated injections of divided 
ses than with single injections of large doses of urethane. 
e average tumor count per animal reached a maximmm in about 
:i 3 months. 
Orr(l947), in confirming the work of Nettleship and Hens 
( 943), :found that the immediate effect of urethane is to set 
u chronic inflammation in the lungs. The adenomata appear t 
a ise as the result of :further changes in the inflammatory lei 
s ons. In some cases he observed evidence that they were de-
r,ved :from proli:f~ration of the bronchial epithelium. 
~====ll==f===!'<J:E~~~~~=Hetts-havv ( l9-:l:try-j, and HenSha-w and Meyer~'il===== 
'Clrethane cit;pend.s on tne amount applieds and concluded. 
single nonanesthetic dose is sufficient to produce an 
ffe(l947) experimented with rats, because they seldom 
lung tumors. Urethane was administered either or 
or intraperitoneally. Histological examination revealed p 
adenomas in a high percentage of the treated ra~s. 
e feet was greater when urethane was fed with the diet. The 
f rst lung adenomas were observed after l year. At that time 
in size from barely visible to 1 - 5 mm. No meta 
occurred. Jaffe observed a few heptomas in the 
and. concluded that time is more important than 
production of heptomas ·with urethane. With resp ct 
adenmmas, the opposite relation is true. 
Guyer and Claus(l947) induced the formation of multiple 
lmonary adenomatous tumors in rats with intraperitoneal in-
10 per cent aqueous solution of urethane ( 1: .o::c. 
r 100 grams body weight). Included in the results were 1 
which had been bred for many years for immunity 
carcinoma transplants. Cytological studies of other cells 
the body showed that urethane reduced all stages of mitosi 
12 to 16 hours~ demonstrating that it has direct or indirj 
cytological effects .on tissue other than lung tissue, eve 
ugh no tumors 1"lere found in other parts of the body. It 
also found that a number of pulmonary cells underwent 
ilar abnormal changes at about the same time, indicating 
Ef:i::El:=ffe=l:f=e::t:4:g-=:E.tfa:' t; e 1 n a=s 1ng 1 e c e=I 
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Bryan, Riley and Galnan 
on the latent period of ckicken tumors. Forty eight 
received intraperitoneal injections of 10 per cent ur -
e. The authors noted no significant difference between th 
onses of the control and the urethane treated chickens~ an r 
that urethane does not enhance the activity of chick 
·· n 'tumor. 
!I 
I Larsen(l947a) evaluated the carcinogenicity of a series o 
of carbamic acid, by intraperitoneal injections of the 
\ 
g ,nts into strain A miae. Evaluation was made on the basis o 
II h mean number of pulmonary tumors indu~®d by each agent unde 
o parable conditions. Ethyl, isopropyl, and n-propyl esters 
carbamic acid were tested, and their relative carcinogenici 
in the order of 84, 4 and l, respectively. Trichloroethyl 
a bamate provided a significant but low order of carcinogeni-
i y, while methyl, monochloroethyl, n-butyl, and iso-amyl car-
! 
tes were inactive at the dosage levels employed. 
In a study of the relationship of chemical structure to 
a cinogenic acti,vi ty against pulmonary tissue of the mouse, 
! 
sen(l948) found that alkylated urethanes are much inferior 
parent ethyl carbamate in their ability to induce pul-
tumors. This high specificity of urethane suggested to 
that the intact molecule, rather than a metabolite, 
r,, cipi ta tes the oncogenic process. 
Larsen(l947b) narcotized pregnant mice late in term by 
40. 
.. 
ry tumors when examined at 6 months of age. 
the same in offspring of females injected intraperitonea 
The offspring of females that had been 
ted during the final 24- hours of gestation exhibited 5 
many lung tumors as did offspring whose mothers were 
days ante partum~ Therefore, the response of pulmonar 
to exposure to urethane in utero varies inversely with 
injection-parturition interval. Larsen also found that 
that received a single intravenous injection de 
33 per cent more lung tumors than did similar mice injec 
intraperitoneally. 
Smith and Rous ( 194-8) injected mice on a bout ti1e twelfth 
of gestation and later. Each animal received 0.3 cc. of 
cent solution of urethane in the subcutaneous tissue 
irrespective of body weight. No adenomas were per-
embryos at term or in mice just born, but several 
e found in mice 3 days after birth. Lung tumors wero fre-
and larger in 10 day old offspring, and were visible in 
in 60 to 70 day old animals. Smith and Rous found no 
rrelation between incidence o~ ad@Pomas in the young and 
tween injection and parturition, or repeated injections. 
e was no parallelism in incidence of tumors in mothers a 
The adenomas arose from tissue devoid of any sign 
preliminary local disturbance, and mitosis was abundant in 
tissues. Since urethane is excreted rapidly, its direct 
4-l. 
It is therefore apparent that the injection of urethane 
, n f pregnant female mice may initiate the development of pul-
o llkry adenomas in the unborn mice. 
Larsen(l946) thought that the action of ethyl carbamate 
n pulmonary tissue might be assmciated with its concentration 
n the circulating body fluids. He therefore tried breaking u 
h II doses into smaller quanti ties- per injection. The results, 
o ever, were not different from those in which large quantiti s 
urethane were injected at one time. The reaction of lung 
sue to urethane appeared to be independent of the route of 
inistration of a fixed total dose. 
Noble and Milla~(l948) reported that lung tumors induced 
the injection of 25 per cent urethane in strain. A mice were 
nsplantable. If lung tissue from an animal with urethane-~uced tumors was injected intraperitoneally or subcutaneousl , 
.~ anlmal receiving the ground-up lung tissue developed lung 
;I 
Lungs of mice which had received a single subcutan-. lrnomas. 
rs injection of 5 per cent urethane 3, 6, or 24 hours pre-
·ously were also ground up and injected into normal mice. 
II 
ven of 12 animals that received the injection of tissue 
ed multiple adenomata, similar to those in mice receiving 
ne injections. Noble and Millar concluded that urethane 
exert its effect as a result of concentration in the lun 
e-
42 •. 
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II 
effect primarily on lung tissue remains unknown at 
Dunn and Larsen(l946) observed that weekly doses of urcth ne 
d ·nistered to strain A mice resulted in the development of 
anasarca after a period of 10 to 13 weeks. Autopsy re-
that the kidneys were brownish in color, slightly reduc d 
Most of the glomeruli 
wed extreme hyaline degeneration with frequent adhesions to 
man's capsule. Dilatation of tubules was noted, and many 
rlnular and hyaline casts were present. An early .reaction I . 
u ing treatment was the clilatation of glomerular capillaries 
I 
an the apparent fusion of glomerular loops with hyaline form-
t:lon. Lesions of this type were only found :ln strain A mice. 
t er strains of mice, C.) C3H, and I, and rabbits, failed to 
h!!w this response. The /authors suggest that genetic constitu-
i Jl n may modify the respons® to urethane. 
DL!nn and·Utrsen'$. work suggestro to Kirschbaum and Bell 
· II . . (l"-47) that urethane might provoke inteeresting changes in mice 
~ . . 
h~ch are susc~ptible to the development of spontaneous glomer-
l'nephritis. Twenty one strain NH mice were given 1 mg. per 
·I 
r m body weight of urethane (anesthetic dose) in aqueous sol-
It on subcutaneously, weekly. Five to six weeks after treatme t 
a 1~ instituted, 11 mice bec~me edematous. 'the plasma protein 
I . . 
e els were depressed, the urine contained albumen, and blood 
-~~~==================~============~===== 
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., 
ur~a nitrogen was elevated (50 to 265 mg. per cent). (Normal 
bl< od urea nitrogen level is 18 to 27 mg. per cent.) All of 
thE injected mice were anemic. The degree of nitrogen retentj[n 
wa: correlated with the extent of damage in the glomeruli. 
Chi nges in the glomeruli consisted of thickening of the capil] 
ar basement membrane, capillary thrombosis, and closure of 
ma~y capillary tufts resulting from the basement membrane alt ~-
at on. In l case most of the glomeruli were infiltrated with 
po ymorphonuclear leucocytes. Of the 21 injected mice, edema 
or renal disease and nitrogen retention occurred in 17. The 
ef~ect of urethane on the kidney was confined to the glomerulls. 
Mo~t of the animals developed lung adenomas. 
The above results can be compared with the histological 
pi~ture in spontaneous glomerulonephritis in mice (Kirschbaum 
19~4). Tha kidneys are pale, but of normal size. The glomer] 
ul~ are hyalinized, and there is glomerular closure due to 
en~othelial proli~eration. Casts are seen in the tubules, anc 
tbere is only a small degree of tubular degenerative change 
present. The age of clinical appearance of spontaneous glo-
merulonephritis in NH strain mice is from 5 to 18 months of 
~ i 
ae ,e. The incidence has noe been determined. 
Doljansky and Rosin( 1944) made a thoro,ygh study of the 
ljvers of rats treated with urethane. In animals that died a 
f<lr_ minutes after the injection of a single dOS8 of urethane, 
lai 1~er hypothesis seems more likely to bo the correct one. 
44. 
I! 
extravasation of blood plasma around the branches of the portal 
vei~s, and marked precapillary edema was observed. Damage to 
the portal veins and blood sinusoids was more mark.ed in rats 
tha~ survived a few hours. Th~ walls of the portal ve~ns were 
inf ltrated with red blood cells, and extensive extravasation 
of 1~ormed elements of the blood was sometimes noted. The walls 
of 1\Jhe blood sinus~ids, especiaily in the central parts of the 
lob~le~, were often separated from the liver cell cords, and 
som~times were broken. The precapillary spaces often contained 
gra~ular material and erythrocytes. Liver cells showed some 
I . 
vacjuolization. 
Animals which had received_repeated injections showed 
slight damage to the portal vessels, manifested by mild edema 
and occasional endothelial lesions. Damage of the capillaries 
lead to extravasation of blood in the center of the lobule, 
wit~ the formation of blood nlagoonstt. Liver cells in the re-
gi r of the strongest capillary damage were markedly vacuolated, 
an~ often dissociated, and there was in some cases atrophy and 
dif:~ppearance of the liver cells. Some of the liver cells 
corkained. erythrocyte fused into spherical masses. 
I . 
j ·Rosin and Doljansky(l944) suggested two possibilities for 
thE mechanism of the uptake of erythrocytes by liver cells. 
Ei 1~er the liver cells become actively phagocytic, or the blood 
is forced into the parenchyma cells as a result of the increasec 
prE capillary pressure following injury to the capillaries. The 
la ter hypothesis seems more likely to bo the correct one. 
4-s. 
• 
Jaffe(l947) described lung tumors induced in rats by· ethyl 
ur.thane as well limited and consisting of high epithelial I . . -
ce ls, often glandular in arrangement. The cells were_pa.le, 
wi~h large, well-formed, and colored nuclei, and were situated 
I · · · . b h h . in~ra-alveolar, although a connection with ranc eE of t e I! 
I. 
!I 
bri:mchu·s was never found. Jaffe statE?d that the tumors. were i! .. 
/ ap~arently derived from metg.plastic alveolar epith~lial cells. 
A ~etaplasia of the alveolar, ce.lls, Without. tumor formation, 
wa~ frequently observed. These areas of metaplasia were found 
in I the n~ighborhood of atalectatic foci of various sizes, or o.f 
ve~etation .of the connective tissue. It was sometimes diffi7 
I . . . . 
cu1 t to decide whether the neoformation was a tumor or not, as 
th II metaplastic areas can be more or less glandular in appear-
11 . 
an•e. 
!I 
Infarcts were frequently found in the border zone of the 
luW,gs. They were always typical infarcts, without the epithel-
1[1 . ia~ vegetation found in the lungs ·of rabbits or rats injected 
! ~ 
in~ravenously with methylcholanthrene. The artery correspond-
in~ to the infarcted area showed an endoarteritic process 
~ 
wh· ch was sometimes combined with a_thrombus, but there was 
I 
ne, er complete occlusion. Lesions of blood vessels without 
inParctation was also observed, and infarcts without the lesions 
. hale also been found. The blood vessels appeared dilated only 
in these cases • 
'! 
·! The most usual structure encountered by Orr( 1947b) in pul-
mopary adenomata of mice showed a fibro-vas·cular stroma with 
46· 
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': 
reticulin fibers and a little collagen, with a variable 
unt of elastic tissue. Some of the adenomata developed a-
o nd veins and orr was of· the opinion that these also develop d 
m an antecedent inflammatory proces~. He noted that leuco-
ic and lymphocytic infiltration of the venous adventitiae 
constant feature of chronic inflammation of 
mouse lung. In urethane treated mice there was more ten-
e cy to organization and fibrosis. Inflammat0ry changes re-
.iting from urethane were chronic~ and took a considerable 
o clear up after withdrawal of treatment. Orr came to the 
sion that the adenomas develop at sites of chronic inflamma 
and are derived from bronchiolar epithelium. 
Six of 28 rats that received intraperitoneal injections o 
~~ per cent solution or urethane developed adenomatous lungs 
sin, 1949). Seventeen of these showed marked proliferation 
ithe bronchial epithelium with downgrowths into the resp;ira.:;.. 
I 
and alveolar ducts. In some, proliferation o 
lining cells of the pulmonary alveoli was observed. In ra s 
aft~r 2 to 4 injections (1 cc. per 100 grams body 
there were edematous areas in the lung. The alveoli 
areas were filled with a pink-staining fluid, and the 
I lood vessels were surrounded by large ring-shaped spaces con-
In some places the capillaries were 
with red blood cells and at some loci hemorrhages 
47. 
~~======w=~==~~~~ in the pa?~s~~F=~~~~~=====9~========== 
hymal- celis was noted in the- lungs and spleen, and to a less-
:~ r degree in the myocardium and liver. The kidneys revealed 
I 
o glomerular damage. 
1\ 
If 
b on·cni were swollen and protruded into the alveolar lumen. 
· The first changes were observed.at 48 to 72 hours, and 
C<nsisted of edema around the blood vessels. After 4 to 13 
d~~ys, tumor-like formations of two types were observed, adeno-
mftous and tubulo-papillomatous(Orr, 1947b). Rosin concluded 
t at ethyl urethane has a growth-promoting effect on the epi-
t1elial cells of the lung. He. recognized that ethyl carbamate 
i~ a capillary poison, and that it. increases the permeability 
o~ the capillary wall, resulting in extravasation. He theor-
i~ed that the plasma-filled tissue 9ffers an enviro~ment suit-
11 
able for the rapid development of tumors in the lungs. 
Howe and Tedeschi(l949) subjected two groups·of 10 guinea 
Iigs to urethane treatment. Animals in the first group were 
II ~ven lethal doses of urethane intraperitoneally, while the 
£'econd group receiveQ. daily subcutaneous· injections(O.l gram 
1 er 100 grams body weight) for 28 consecutive days. The anim-
~ ls in group II were killed on the 29th day. 
In the group that had received lethal doses, congestion 
~n the lungs, liver and spleen, and occasionally in the kid-
;eys was observed. There was occasional endothelial swelling 
II lfnd desquamation, mural edema, and extravasation of plasma 
~nd formed blood elements into the surrounding tissue. Cyto-
Jlasmi.c vacuolization was observed in ~lar epithelium of the renal tubules. hepatic cells and gland-Hyperplasia of me·sen-
~hymal cells was noted in the lungs and spleen, and to a less-
11 
~r degree in the myocardium and liver. The kidneys revealed 
o glomerular damage. 
48. 
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In the animals that received daily injections over.a per-
io< of time, frequent cytoplasmic vacuolization of hepatic 
ce ls was observed. Vascular engorgement in the lungs, liver, 
4i' an1 spleen was often accompanied by mural edema and extravasa-
ti !ln. The kidneys showed no significant findings. 
Hence, the changes in animals which died from lethal doses 
of.urethane were not significantly different from those in 
I 
an:n.mals which were killed in apparent good health. 
Renal lesions were produced in 2 inbred strains of mice 
(1 and NH) by means of urethane treatment(Dunn, 1948). The 
u:rj/~thane lesion is peculiar in that the glomeruli are primarily 
a- fected, and the animal develops general edema. Dunn observed 
ar accumulation of deposits, of a hyaline substance in the glo-
m rular tufts, and adhesions between the visceral and parietal 
1< yers of Bowman's capsule. These adhesions may form small 
c 
1
sts in Bowman's space. As the process continues, numerous h~aline casts are found in the tubules. No other strain of 
~ . 
ml.!-ce or other laboratory animals(rat, guinea pig, and rabbit) !! 
i' e~amined at the National Cancer Institute reacted in this way 
,. 
tb urethane. 
I 
li 
1/ 
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Urethane Treatment of Leukemia 
In an investigation of the effect of urethane on the acidl 
pas~ equilibrium of the blood, Hawkins and Murphy(l925) noticec 
! d~crease in the number of circulating lymphoc~tes after urottane 
~re~tment. Murphy and Sturm(l946a) treated leukemic rats with 
II ~re~hane. Normally, an intraperitoneal injection of malignant 
le]lll.s caused death in 8 to 12 days. Of 50 innoculated rats gi1-
nlo to 100 mg. of urethane per 100 grams body weight, repeat•d 
~~mes a week, only 3, or 6 per cent, developed leukemia. In 
·h1 .control group 33 of 41, or 80.4 per cent developed leukemll. 
Innes, Parry and Berger(l946) treated 30 leukemic dogs 
i-t p. ur·ethane. Each animal had enlarged lymph nodes and splee • 
i
lr lithane therapy resulted in a mrked improvement in health wi •h 
'irgression of lymph nodes and a decrease in leucocytosis. 
ol~inued administration of the drug, however, caused diarrhea 
I II! . 
nc' aplasia of all the nucleated cells in the blood, and rosuli-
d in relapse and subsequent death fuf the animals. 
Murphy and Sturm(l946b) reported a fall in normal lympho-
y·es and leukemic cells to 1/3 of their previous level, in rais 
r~lated with urethane. The thymus glands of the treated anima~~ 
II h k th · · ht b · 1/3 f th th e ·e s run_en, elr welg elng o e average ymus glc~d 
El 
1
ght in the control group. Cervical nodes and spleens were :rje-
so. 
< u ed in size by about one half in the urethane animals. The G ~­
le~ls of the treated animals were 40 per cent larger than thof!> 
. <'f/rthe untreated controls,,/ Murphy and Sturm(l943, 1940) and 
-~~~==============~============T==== 
S ~rm and Murphy(l944) found that adrenalectomized rats have 
i! creased susceptibility to transplanted lymphatic leukemia, 
aJid that the adrenal cortical and pituitary adrenotropic hor-
m(~\nes have a definite inhibiting action on the development 
,; 
o~ the disease. They planned to determine whether the effect 
o urethane treatment on leukemia is due to stimulation of 
t e adrenals rather than to direct action on the leukemic 
c/lls~ However, they encountered the_difficulty that adrenal-
ejtomized rats can withstand only very small amounts of ure-
/ . t ane. No subsequent work has been reported on this problem. 
II Engstrom, Kirschbaum and Mixer(l947) innoculated mice 
w/th transplanted myelogenous chloroleukemia, and noted that 
b ood cell counts greatly increased, and anemia developed as 
I 
t 11 e disease progressed. Urethane was administered intraperi-
t,lneally in an aqueous solution, daily. Doses varied from 
0 004 to 1.0 mg. per gram body weight, and the doses were 
c j nta-ined in 0. 01 '.o.~c.. of distilled water. After 3 daily dos-1' e~ of 0.5 or 1.0 mg./gram, the white cell co~nt fell from 
li 
over 100,000 cells/mm3 to normal levels, and the Spleen and 
;; 
i• 
lvmph nodes were reduced in size.. Microscopic examination r~vealed that the spleen, lymph nodes, lungs, and liver 
clntained leukemic cells. The cell picture of the bone marrow 
I 
w/s also altered, in that many mature leucocytes were found. 
U on discontinuation of the urethane treatment the white cell 
c•unt rose and the spleen and lymph nodes increased in size. 
Because of Webster's(l947) repb~t on the toxic potential-
51. 
- it es of 4rethane treatment in humans, Winchester and Higgins 
(1< 48) investigated the effect of urethane treatment on trans-
pl1 nted myelogenous l.eukemia produced in F-NH hybrid mice. 
edema in all mice treated with urethaie. Th y reported pulmonary 
I . 
Al the treated animals 
weight daily~ developed 
which received 0.5 mg. per gram body 
a mild pulmonary edema, and 75 per celt 
of these contracted pneumonia and died. Mice that received 1 
mgl per gram daily, had their life span reduced considerably 
be~ause of the development of pulmonary edema. Edema was als• 
fo nd in normal mice which had been treated with urethane. 
Winchester and Higgins found that doses sufficiently 
large to result in a reduction of the leucocyte count and a d~:-
I 
crsase in size of the liver, spleen, and lymph nodes ca1Ased 
pulmonary edema in all cases. Even small ineffective doses 
produced edema of a less.er degree. Animals i.Yi th pulmonary 
I 
ed3ma showed an accumulation of a pinkish-brown frothy materic 1 
abDut the nares and mouth, and the thorax was filled with a 
ser-o-sanguineous fluid. 
l 
The lungs were tense, completely fil -
ir.~ the thorax, and petechiae were often seen in the lungs. 
Ib
1
p alveoli and bronchi were distended and filled with a homo 
·' J! 
ge~eous pink-staining fluid. There was marked capillary en-
golbgement with evidence of rupture and release of erythrocyte I . 
ir.to the alveoli~ Other evidence of capillary damage was ob-
.. sErved. The axillary and iP~uinal regions showed subcutaneou1. 
I pE'!t.echiae and localized anasarca. 
52· 
On the basis of this work, Winchester and Higgins agreed :-~=4=F========~=====================4===== 
.. 
-
I 
ractical to use in the treatment of leukemia in man. They 
1 
ed their conclusions on the capillary damage produced by 
thane in mice. 
In 1946, Paterson, Haddow, ApThomas, and Watkinson comp-
a ~d the urethane treatment of leukemia with X-ray therapy. 
I fcases of myeloid leukemia treated with ethyl carbamate alo e, 
t white cell count fell dramatically to about 20,000 per 
I 
m ~ in ll to 36 days. Differential white counts done before 
I 
a after treatment showed that the greatest percentage of fa 1 
a ected tho myeloblasts and premyeloblasts, which disappears 
u ~thane were myelocytes, metamyelocytes, and adult polymorph • 
H , oglobin value pose an average of 16.6 per cent in 10 o:f 13 
c es. Larger doses of urethane produced a greater increase 
i !hemoglobin. 
X-ray therapy and urethane treatment produced similar re 
both in the type of change in differen~ial counts, and 
i the length o:f time for response, and the rise in hemoglobi 
el. It was found that previous X-ray treatment did not 
i er:fere with the later effectiveness of urethane, and it 
sidered possible that the administratioE. o:f urethane en-
e:ffect of subsequent radiotherapy. 
Kirschbaum and Lu(l947) :found that a single anesthetic 
of urethane depressed the white counts of leukemic mice 
53• 
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II 
frpm levels of 78-286,000 to 23-44,000 within 72 hours. Most 
bl~st cells disappeared~ The ratio o:r segmen"ted to mononuclear 
ceRls in the marrow of untreated leukemic mice averaged 26:74-
Wi~hin 14 to 48 hours after 1 or 2 injections of urethane 
sp 11.ced at 24 hour intervals, the ratio was 60:40, indicating 
!I 
a ~hift toward maturity~ The doses used on the leukemic mice~ 
. . 
di~ not alter the white cell counts of normal mice, but 4 to 
5 ~aily injections o:e urethane into non-leukemic mice did in-
du~e a depression in the viThi te cell count. After the treat-
me ;1-t of leukemic mice had been suspended f'or 192 hours' mono-
nuplear cells again predominated in the bone marrow. 
The authors explained the depression in the white cell 
colnt by the release of an increased percentage of mature cells 
in~tead of immature leukemic cells into the blood, and the 
shprter life expectancy of the circulating white blood cells. 
Th~refore, a great percentage of the circulating cells were 
dy ng within a short time after their release from the bone 
ma ~->row. 
Law(l947) reported that urethane treatment of ·leukemia 
re ~ulted in a rise in the hemoglobin level.,· and the maintain-
an e of the blood leucoq~tes at leukopenic levels. 
In the treatment of leu~mia with urethane, Berman, 
La1rence and Axelrod(l948) noted that the greatest decrease 
in percentage of circulating leucocytes was in the number of 
stE~m cells and promyeloblasts. The more differentiated 
gr<nulocytes appeared relatively more resistant, and poly-
54 • 
II 
morphonuclear neutrophils were most resistant. There was no 
change in the platelet count in 3 of 8 patients~ and there was 
a E O..ight but not significant decrea·se in the other patients. 
:l Osgood and Chu( 1948) studied the effects of urethane on the 
nu< ear morphology of cells of the granulocyte series~ They 
def bl ribed the changes observed.: in marrow cultures and leukemic 
bl< od as: 
11 
••••• early increase in number of normal mi-
toses in the progranulooytes; a steadily increas-
ing percentage of granulocytes and progrnnulo-
oytes showing condensation of the chromatin in 
the nucleus into dense fragments separated by 
clear spaces; a progressive increase in the num-
ber of cells of the granulocyte series with 
double nuclei, affecting all cells from the pro-
granulocytes to the neutrophil lobocytes but 
appearing to be most numerous in the granulo-
cyte stage; the appearance in the culture by 
4-5 days of cells containing separated frag-
ments of structureless material staining like 
basichromatin, which probabllt represent a 
karyorrhexis of the nucleus. 1 
Skipper and Bryan(l949) stated that urethane is a highly 
sp~ cific molecule with regard to anti-leukemic action. Changes 
in the ester group, mono- or disubstitution at the nitrogen, 
or!substitution of B for the carbonyl or the ethoxy oxygen, all 
ap ,'ear .to destroy or lessen the anti-leukemic action of urelbhane 
fo a given strain of mouse leukemia. 
Because of the benef;icial effects of. urethane treatment 
e Obl\erved in leukemic mice and other laboratory animals, 'the 
dr1 1'g was administered to human: leukemic patients, with incon-
si .itent results. 
II 
Berman, Axelrod, Sharp and Heide(l947) report-
Ill 
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- ed little or no clinical improvement in 3 out of 4 leukemic 
-
pa ients. There I.YaS no change in renal or liver function. 
Th ~ authors cauti.oned against over-treatment with urethane, 
si 11ce severe temporary hypoplasia of all elements of the 'bone 
rna row may result and may progress after treatment has been 
I st·pped. 
Bedinger, Poucher and Limarzi(l947) adminfustered urethanE 
or lly to patients with acute leukemia and observed little 
or no benefit, although there was a rapid and marked fall in 
th~ leucocyte count in all cases. Severe anemia and thrombo-
pe ~ia nocessi.;~~t't§Q.· __ frequent blood transfusions. In patients 
WiGh chronic myeloid leukemia and chronic lymphatic leukemia, 
. I . 
urethane produced a gradual or. rapid fall in the leucocyte 
~ . 
count with apparent symptomatic improvement~ There was a de-
crease in size of the enlarged lymph nodes and spleen. It 
wa's noted that remissions induced by roentgen treatment may 
be'( prolonged by the use of urethane. 
ii il Webster( 1947) issued a warning against the use of ure-
tl::rne in the treatment of leukemia, after observing two fatal 
ii~es as0ribed to the administration of the drug. Urethane 
t}Jerapy resulted in a rise in temperature, increased capillar 
f 1
1
agili ty, and the development of 3 ulcers of the soft palate 
c~ 1rebral hemorrhage occurred and the patient died, with a !I . 
w~ite cell count of 200. Fourteen days after withdrawal of 
I! 
t e drug from the second patient, the white cell count was 
56. 
~ 1 1 0. Cerebral hemorrhage occurred and death en-
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~ ~ed. Webster cautioned· that proper procedure~ dosage, 
oxic levels~ and mode of action must be ascertained before 
I 
I . 
·l lrethane can be used safely. 
In answer to Webster's charges~ Haddow and Paterson, 
1948) stated about their original paper(Paterson et al, 
946): 
n •••• it Vfas certainly not our intention 
to create any impression of optimism, and we 
do not consider that such could in fact have 
been conveyed •.••• While the palliative eff-
ects of urethane were recognized a~ remark-
a~ly similar to those obtained by standard 
methods of high voltage roentgen therapy, it 
was on the contrary made clear that no indica-
tion had been found 'that permanent benefit. 
may result from the use of urethane in either 
. myeloid or lymphatic leukemia~" 
Creskoff, Fitz-Hugh and Frost(l948) reported satisfact-
1: 
bry remissions as a result of urethane therapy in 4 cases 
~f 24. Administered orally, urethane caused a fall in the 
leucocyte count within 48 days. It was concluded that ethyJ 
II 
~rethane is of definite, but limited value in the treatment ~f chronic leukemia. In some cases it compared favorably 
! ~ 
i! 
~ith X-ray therapy, but it was less dependable, particular-
If 
Ty in its frequent failure to induce an optimum return of 
ormal red cell and platelet values. 
Watkins, Cooper and Griffin(l948) also reported a 
llatisfactory response to urethane treatment, after 3 to 10 
~~- 1 eeks. Of 14 cases treated, all showed a fall in the leuco-
/ . . . 
f/yte count and a decrease in size of the spleen. The 
-~~====~~e~.r=y=t=h==r=o=c=y=t=e==c=o=u=n=t==a=n==d==h=e=m=o~g~l=o=b=i=n=.=v=a==l=u=e=s==e=i=t=h=e=r===sh==o=w=e=d==a=n=. ==~F========== 
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increase , or remained unchanged •. Upon cessation of therapy, 
1 
a recurran.ce of leu~ocytosis with myeloid immaturity was 
cbserved. 
Hirschboek, Lindert,.cCnase, Jules and Calvy(l948) repor-t,_ 
E
1tl severe leukopenia produced by urethane in most of' tne 9 
,I 
c:~ses of acute and subac~te leukemia~ with no substantial -~fluence on the conrse of.the disease. They listed the 
cdvantages of ethyl carbamate in the treatment of leukemia 
c: s, 1.): ease of administration and regulation of dosage, 
~ 1' minimum of toxic side reactions, 3·) • desirable sedative 
~ffect, 4.)· low cost. However, they concluded that its 
-~ ction on chronic leuKemia is less precise than that of X-
ladiation, and that the 11 •••• drug appears to be of little 
,, 
pr no benefit in prod~cing remissions or prolonging life 
n acute leukemia 11 • 
I In a s~udy of 31 cases of chronic leukemia of long 
· ura tion, Ivloffi tt and Lawrence( 1949) stated: 11 The possibili t, 
fr cure of leuke~a is still ~determined". 
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~~~~~~~~~~~~~~~~C7~7r?~~~~?~~~·~ 
Urethane,. despite some of its dangerous side effects, ha 
err used successfully in the treatment of several conditions 
man~ Pybus(l930) reported the cure of hydrocele of the 
nica vaginalis by the injection of urethane and quinine. 
e accumulating fluid was tapped 7 days after the treatment, 
18 months later there was no further accumulation of fl 
74 cases of giant hydrocele of the tunica 
naliS with lithium salicylate and quinine-ethyl carbamate 
reported complete success in every case. 
Pyb1ils(l936, 1947) described the treatment of maiD..t::J.ary 
,ysts by the inj action of quinine and urethane. After the 
rous fluid has been aspirated from the cyst, 1 or 2 cc. 
and urethane is injected into the cyst. No dis~ 
or inflammation results, and the cyst disappears in 
months. Of 24 patients treated, all remained free 
om recurrence for 1 to 12 years. In 3 cases a cyst deve 
the other breast, and was cured by the same method. 
ter disappearance of the cyst, the breasts were normal, 
in appearance and function. 
Urethane has been used with success in the treatment of 
varicose veins(Faxon, 1933). .A solution of 13 per cent 
quinine hydrochloride and 6 per cent urethane is injected 
into the varicosed veins, until all varicosities are throm-
59· 
-sed • This solution is preferred as a sclerosing agent 
cause its aqueous solution is neutral. Urethane therapy 
lieved 28 per cent of 314 cases of pain, 19 per cent were 
lieved of edema, and 61 per cent of the ulcers were healed. 
S xty three per cent showed recurrences after 1 year. 
Castiglioni and Pepere(l940) produced phlebosclerosis 
i dogs by urethane-quinine injections into the splenic vein. 
Farmer(l939) used ethyl urethane as an antispasmotic 
30 cases of bronchial asthma. The drug was administered 
lly, and no narcotic or untoward effects were observed in 
patients. Results were successful in 14 of the 30 cases. 
T e alleviating ac.tion commenced 15 to 30 minutes after 
t eatment and.lasted for several hours. 
I 
1. 
Huggins, Yii and James(l947) reported that ethyl carlln.111-11 
causes inhibition of some cases of prostatic cancer. 
ble to dete~mine its modo of action, they concluded that 
i s favorable effects are not due to an anti-andronergio 
a tion. Lushbougb and Storer(l948) reported 3 deaths among 
treated for prostatic cancer with urethane. The 
thane was administer~d in combination with chloroform. 
oriments in rabbits showed that urethane and chloroform 
· e additively synergistic. When given together, though in 
lethal amounts, they can cause death, from hepatic injury. 
60. 
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,, 
utopsies on tho patients who 
,I nd irregularly sized nuclei, 
juclei of tho hepatic cells. 
ontained recent thrombi. 
died revealed ~nlarged livers 
double nuclei, or pylrnotic 
The intrahepatic portal veins 
A patient with a highly anaplastic undifferentiated 
<~rcinoma was given 3 grams of urethane daily, orally (Goodmc:m E~~d Lewis, l946). Within 4 days the hard skin nodules were 
fofter and after 1 week, had decreased in diameter. Within 
_p days the nodules had almost disappeared. A maintainance 
d p se of 2 grams of urethane was prescribed, and -no recurrence 
v- ~=ts reported 2 months after the onset of trea.tment. UrethanE ~~eatment in this case caused no significant -alteration in t~e leucocyte count. 
Bichards(l941) suggested that urethane be used to allev-
i~te the irritating side effects of sulfapyridine administra-
jl 
tlon in man. Sulfapyridine is used for the treatment of u 
tl h~molytic anemia and jaundice. The injection of lethal dose£ o~ sod:Lum sulfapyridine into rabbits and dogs results in the d~ath of' the animal, either during or af'ter violent tonic or !I 
c onic convulsions. Small (subhypnotic) doses of urethane 
i I! hibi t the convulsions and. prevent death. I I Although urethane is still mainly used as a laboratory 
a esthetic, its therapeutic possibilities have been extensive~ 
61. 
A lJ investigated in recent years. It is evident, however, ~-~~~============================~==~==== 
II 
- i p.a t before more widespread use of this drug is realized, its 
.. 
-
toxicity and mode of action must be determined • 
1\\ 
i I 
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Conclusions 
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II Despite the vast literature compiled, the mode of action 
c,f urethane is undetermined. Most investigators agree, how-
e~er, that urethane exhibits properties of narcotics in gen-
E ~al. . 
Urethane has the property of inhibiting mitosis, and 
1etarding or promoting the abnormal growth of plants. 
Urethane retards respiration in eggs of Arbacia punctu-
I 
~?1 1~lta by acting on the 'activity' system. The investigation of the inhibition of bioluminescence urethane has proven that no direct connection exists be-
t
een respiration and luminescence in bacteria. Urethane 
1 oduces its inhibition of luminescence by inactivating 
E _zymes in the cell. 
Urethane alters the rate of respiration in animals by 
~educing the reflex excitability of the respiratory center. 
'~e injection of urethane into a pregnant female goat mark-
EI~ly affects the respiration of the foetus. 
Urethane is a capillary poison and produces injury to 
1
he capillary wall, with resulting dilatation. Urethane 
I 
<: :dministration resu~ts in a rise in the co2 content and pH 
~ ~ 1f the blood. The blood pressure reflexes are altered con-
iderably by urethane and the measurement of blood pressure 
:f animals under urethane anesthesia was shown to be invalid. 
-~~~==============================~==== 
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.. E hyl carbamate does not affect the basal metabolic rate. 
.. 
-
I .. 
U\ethane decreases the secretion of epinephrine and increases 
b ~pnchial secretions . 
Urethane is an effective bacteriostatic and bactericidal 
ae
1
1ent against gram negative bacteria. It has been used effec -
ively in combination with penicillin to treat infected wounds 
ir man. 
Urethane is a carcinogen, able to induce pulmonary 
tu'tnors in laboratory animals. Embryos are affected by trans-
pl~cental exposure to urethane. The drug also promotes renal 
I 
. da(p.age. 
ll Leukemia in laboratory animals and humans has been 
tr~ated with moderaye success by the administration of ethyl 
ii . 
ur$tbBne. However, its effects are too inconsistent, and its 
I 
si e effects too dangerous to warrant its extensive use. Its 
ac\lion on leukemia parallels that of X-ray therapy. 
Urethane has been used successfully in the treatment 
of various conditions in man. 
I 
\: 
The chief use of urethane still lies in the experimental 
la~oratory. Despite the reports of scattered success obtain-
ed rwith it therapeutically, urethane therapy is inconsistent 
I 
anc dangerous. Its mode of action and toxicity must be deter 
mix
1
ed before the widespread use of it is warranted. 
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Urethane( ethyl carbamate) is an _hypnotic, used mainly 
sa laboratory anesthetic. Andrews(l886), and Sieveking 
Manifold(l886) first described its use as a sedative 
mental patients. In the last fifteen years urethane 
s been used in combination with dial as an analgesia _in 
stetrics(Brown, 1934; Rund, 1934; Reynolds, 1938; VanDel, 
Dial urethane relieves the pain of childbirth 
delaying the progress of labor. 
The mode of action of urethane is not known. Physiolo 
agree that the properties of urethane are similar to 
se of narcotics in general. Quastel(l939) suggested tha 
rcotics are absorbed from the blood at specific centers 
the nervous system and bring about a local anoxemia at 
e.se centers. Bernheim and Bernheim(l933) concluded that 
acts on the catalyst involved in respiration of th 
Breemen(l949) found that treatment of onion roots with 
rethane caused a slowing and eventual cessation of growth. 
mpleman and Sexton(l945), Lefevre(l939), and Macht(l948) 
the effect of urethanes on cereals and noted retard-
and abnormal growth in all cases. Urethane inhibits 
·wth through its effect on mitosis(Battle and Laing, 1949; 
iersbach, 1939; Guyer and Claus, 1947;_ Dustin, 1947). 
her and Sturm(l942), Fisher and Hepry(l943), Ormsbee and 
xviL 
• 
sher(l949), and Meldrum(l930) concluded that urethane 
ts on two independent parallel respiratory systems, the 
ctivity' system and the 'basal' system. 
Investigating the inhibition of bioluminescence of 
cteria by urethane, Taylor(l934, 1936) reported that no 
irect connection exists between respiration ·and luminescenc 
In bacteria. Johnson(l942) came to the conclusion that the 
bition of luminescence by urethane is due to inactivati 
f the enzyme involved. 
Cushny and Lieb(l915) found that urethane alters the 
ody' s reaction to blood gases by renderi:ng slower the 
n~rinsic rhythm of the respiratory center. Urethane, when 
nj ected into pregnant female goats, markedly dulled the_ 
spira tory tract of the f"oetus(Barcroft et a1, 1937). 
Because of the close structural resemblance of uretha 
o urea, a new method of estimating it in the plood .had to 
e devised(.Archer et al, ·1947; Driber et al, 1948)·. In the 
method, attention is directed toward the ester grouping 
urethane .. 
Urethane dilates capillaries and promotes stasis. 
,r.......:; •. uu ...... s ( 1927) noted increased capillary pressure. as a result, 
of the micro-injection of urethane into a capillary net-
lwork. Urethane treatment may result in concentration-of th 
lood due to extravasation of plasma through the dilated 
capillary walls(.Adolph and Gerbasi, 1933). 
Ethyl carbamate increases the co? content and pH of 
xviii. 
• 
• 
I 
II 
Iii 
I 
biood(Hawkins and Murphy, 1925; Cushny and Lieb, 1915). 
I 
F'orey and Marvin(l928) proved that the measurement of blood 
pressure of animals under urethane anethesia is not valid 
b~cause of the complications pr~duced by the effect of ure~ 
t Jp.a:t;te on the circulation. Urethane was shown to decrease thE 
):tte of secretion of epinephrine(Kodama, 1930), and. to in-
., 
c 1~ease the potassium content of bronchial secretions(Boyd 
a P,d Perry, 1944). 
Urethane is an effective antibacterial agent against 
e ram negative bacteria(Weinstein and MacDonald, 1945) .. W~instein(l946) used a mixture of urethane and penicillin to 
tleat an infected wound in man.· Urethane eradicates the 
glam negative flora while penicillin is effective mainly 
apainst gram positive bacteria. 
I Urethane is a carcinogen and induces the deyelopment of 
I~lmonary tumors in laboratory animals(Nettleship and Hensha ~ 
J~43; Larsen and Heston, 1945; Orr, 1947; Guyer and Claus, 
1~47). The tumors appear to arise in tissue which shows ·. 
1:i. ttle or no injury. A single dose of urethane is sufficien t~ produce pulmonary tumors in mice(Henshaw and Meyer; 1944}] 
I 
· thod of administration of the urethane has no effect on it: 
carcinogenicity. Transplacental exposure of mice to urethan -
II c~l1 uses the development of lung tumors in the offspring{Larse , I . 
~47b). Noble and Millar(l948) hypothesized that urethane 
II 
ight exert its carcinogenic effect by being concentrated in 
'I 
xix. 
A . t~e lung tissue. The injection of ethvl carbamat.A ; nt.n ~-~~~==~========~~~~~~~~~==~===== 
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apimals also results in glomerular damage(Dunn and Larsen, 
1946; Kirschbaum and Bell, 1947). Urethaae treatment caused 
the vacuolization of liver cells, slight damage to the porta 
vessels, and the uptake of erythrocytes by the liver cells 
( Dolj ansky and Rosin, 1944). 
Urethane rapidly reduces the white cell count in leuk-
~mic animals(~wkins and Murphy, 1925; Murphy and Sturm, 
1946a, 1946b). The results are similar to those observed in 
I . 
-ray therapy but are not as consistent. The white count 
pontinues· to fa·ll after treatment has been suspended. The 
ktepression in the white cell count is due to the release of 
an increased percentage of mature cells, instead of immature 
leukemic cells into the blood( Kirschbaum and Lu, 1947) .. 
Webster(l947) issued a warning against extensive use of ure-
thane in. the treatment of leukemia, citing two fatalities 
ascribed to the drug. 
Ethyl carbamate has been used successfully in the treat-
ment of hydrocele of the tunica vaginalfus(Pybus,l930) and 
for mammary .cysts(Pybus, 1936, 1937). The treatment with 
urethane is simple and no .r.ec.ur.r.ence.s were reported .. 
Faxon(l933) described the successful treatment of varicose 
veins, using a urethane solution as the sclerosing agent. 
Farmer(l939) used ethyl urethane as an antispasmotic for the 
treatment of bronchial asthma, peporting success in 14 of 
30 cases. Huggins, Yii, and James(l947) discovered that 
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UI ~thane oa.uses inhibiti®n ®:f seme ea~·es, ~;t', ~pr~~tatiC,.:.:~i~~e~. · 
~: . ' . .. . ~- .. --~·. .·-· .. "-_-:·----~·,~:~·.-.: .. 
Lt }Shbough a:nd Bt®rer.( 1948), howeve,V, .reporte4 th:J1.>eE;<~~Ai~;' 
anong patients treated for prostatic cancer with u.reth.~n~.,~ 
TJeatment with urethane resulted in cGmplete regression of 
a highly anaplastic undifferentiated tumor in one patient, 
w th no recurrence(Goodman and Lewis, 1946). 
The chief use of urethane is that of a laboratory anes-
t~etic. Its therapeutic properties are unreliable and incon-
s~ant. Before urethane can be used safely as a therapeutic 
a~ent in man, its mode of action and toxicity levels must 'j;)e 
d~termined. 
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